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REGRESSION COEFFICIENTS USED TO ADJUST
BOBWHITE QUAIL WHISTLE COUNT DATA'
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Abatrrct: - Durine a 3-year study of Tuctors effeeting changtes In the nmmbier af boliwhite quail {Gulinng
virglutanus) whistles heard by investigators, the ammber ol culls beard during 2,681 sepante S-min whils-
iy periods were sualyzed with respect to several time and weather vadaldes by the multiple linear
tegiosdfon methied, ‘Tline of year, thne of doy, wind velocity, 1emperature, and relative humbility were
significantty currelated to the nimber of quall whistles heand,  Cottection formalae were developed ine
vorpurating segtression coelficlents, time amd meteosologienl stamtatds, ‘Che imporstunce of each vardalile

v diseussed,

Cume bird sounds have been studied for
several speetes, and varinbles which alfect
this behavier have been identified by sev-

t Contributlon No. 5384, Departnent of Zoolouy,
Rutsac Agrienlturat Experlinent Station and Serind
No. 119, Department of Zoology and 108, Depart.
ment of Statistles, Kansng State University, Man-
Battan. The study was financed by the Kansas For-
estry, Fish ond CGane’ Commissiru, the Kausax
Agrlenttnral Experlment Statfon, and the Natfora!
Seience Founduvon {Grants No. GE-1094, GE.
2787, and GE-0231),

TPreseut addresss  Kunsay Forestry, Fish and
Guame Commission, Jamestowts,

2 Present addiess: Department of Statistics, Uni.
versity of Missoued, Columbla, -

eral workess.  Kozieky et al. (1954:2061)
found wind velocity, temperature, and rain
Important varfables to consider wlien con-
ducting peent counts, while Pitelka (19413:
98) reported normal doy-to-duy variations
in temperatwre did not appear to influence
the woodeack’s (Phtlohely minor) rate of
calling, Kimball (1919:112) found wind
velocity  influenced  pheasant  (Phaslanus
colchicus) crowing counts but no tempera-
ture-related  effects were  detected by
Kozicky (1952:432)., Environmeuntal tem-
perature bas been found to influence results
of bobwhite quail whistle counts (Bennitt
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1951:21, Gider 1930:615). Buth Ume of day
aned thne of year inlluence rates of voealiza-
tlons mnong most game birds  (Kimball
19149, Tuber 1949, Nelson et al, 1962, Kozicky
ot al, 1930).

Nortan et al, (1961:403) reviewed several
papets and presented uew data fundlenting
that guaif whistle indices were poor predies
tors of Tull population size or linter suceess.
Their data were collected by Tistening at
route statiuns for several minutes, Counts
wore generally hegaon from 23-30 min after
stinrise and contined throughont the nest
T oor 2 hours, In smne cases, eounts were
adjusted for the effeets of wemperature m
tuken ondy sehen temperatures were within
w speeific range of G080 ¥, They hndicated
it considerable refinement was necessyry
before indices based on guatl whistle counts
coufd he useful to wildlife managets,

The purpose of our study was to identify
meteotological and time factors which in-
fluence the number of Bobwhite quait calls
recorded, und estimate their effects. \Whis-
tling hehavior of quail cun, perhaps, be bets
ter windersteod and w refineraent In the con-
struction of quud! eall indices can be achieved
anee Uhese factors and their effects are ine
dicated.

THE STUDY AREA

This study was conducted in the north-
western region of the Flint Hills, Riley
County, Kansas, ‘Topography cousists of
solling prairie Tand broken by the valleys
of Mil, Baldwin, and Wildent Creck drain-
ages.

The study area is principally true prairie
with some timber along water conrses, Her-
Laceous uplasd plant associations are domi-
mted by grasses, including  bluestem
{Andropogon spp.),* grama (Bontelouu

+ Conunon “and sedentifie nanes ol vegetatinn
after Anderson (1801).
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spp 1, switchigeass (Pandcton vlrgatum), and
Indian gruss (Sorghastrum nutans) mixed
with many forbs (Fish 1953). Thickels of
American plumy (Prunus americana), snow-
tierry (Symphoricarpos occfdentatls), and
smooth swmae (Rhus glabia) extewd into
the grasstand in many areas, und aromalic
simae (1L aromatica) and red  cedar
(Juniperus cirginfana ) ure common in some
pastures,

Both lowland and spland woods are rep-
resentedd; the lowdand type found only slong
waler courses is typified prineipally by cot-
tonwnods {Populus sorgentif) and willows
(Saltx spp.). Bunk-wonds of oak-hickory
{Querens spp. and Carya spp.) and hedges
of osage oringe (Maclura pomifera) are
present in some areus.

Various croplunds are interspeosed  be-
tween the upland pradrie and the lowland
deciduous forests, pricarly com, grain
sorghum, common wheat, and alfalfa.

MATERIALS AND METHODS

Quail whislle connts were laken at o per-
manent Hstening station ond along two 10-
mile fistening routes duting cach spring and -
summer of 1963,.1961, and 1965, Variables
measured were:  time of day (X)), day of
year (Ng), wind velocity (Xa), light inten-
sity {Xy), barometrie pressure (Xa), tem-
perature {Xa), and relative humidity (Xz).
The most important variable influencing
the number of whistles recorded, male quatl
population, was partially controtled within
cach year by use of thr permanent station
nnd the same stops wlong the routes. . _

The pernmnent listening  station - was
equipped with a Short aud Mason hydro: -
thermogrph and standard rain gauge, Wind
velocity was measured with a DeutasWerke

hand-held anemomcter, light intensity with
a Gussen Tri-Lux footeandle meter, nnd -

barometrie pressure with a Taylor meteoro-.

1t
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logical barometer, The station was estaly
fished 15 April, 1963,

Whistle dhata were tuken onee cach week
for the 3 years within the following lime
tervals: 15 April-31 July, 1963; 27 March-
31 Amgast, 1961 1 April<30 June, 1805,
Two insestigators listened for S-min fnter
vals at 15min intesvals beginning i hour
hefore official sunrise uotil 2% hours after
sunrise,  Doring cach listening period, the
number ol whistles heard per min was
tallivd,

On 18 March, 1063, two 10-mile listening
routes were established on secondary ronds
with u listening post lueated every ' mile
for o tota) of 40 listening stations, 20 on
cach ronte. From 25 March-31 July. 1963,
27 Muarch-31 August, 1964, and 1 April-30
Junie, 1963, cach ronte was traversed by two
im estigators ence each week begliming 2
lhowr hefore officlal sunrise, The direction
uf trave! on cach route was reversed each
werk, At cach listening post one observer
listened for 5 min and tallicd quail whistles
¢l “bobewhite” calls) heard for cach
minute, the second observer colleeted mete-
erological date with appropriate  instru-
ments; with the exception of n Bendix Frieze
Payeron lor temperature amd relative -
midity, the equipment was the same as that
e at the permanent station, Time of day
was recorded at the heginning of cach lis.
tening period, After ench S-min period, the
investigators drove to the next station and
repeated the above procedure, The total
time to complete cach ronte was approxi-
mately 3 hours, Unusual weather condi-
tions or other phenomena thut conld affeet
calling or audibility were entered in a daily
ficld notebook,

Total calls per 5-min periods from both

“the peonanent station and the routes were
used in the analysis. The route data were
madyzed by separate stations for each
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Fg. 1. Fraguency d'stibution of 51,09} quail whiitles 1u‘nmd

utong two 10 mile toyley and ore peimanent station dyting
1941, 194a, ond 1985,

year, by pooling the stations on cach route

for cach year, und by pooling years, Data

from all sonrees were pooled and evaluated
for evidence of the impotanee ol single
varfables, A linear relationship helween
whistle connts and any particalur vurfable
was identified using the usual statistical Lest
for simple correlution. When mulliple 1e-
gression anulysis was doue, the vabue of o
vardable in the prediction of whistle counls
was determined by evaluating the reduction
it the remaining unespliined sum of squares
ulter having fit all preceding varfables, No
transformation of the predicted variable
was mate.

AN varinbles were correlated with num-
ber of quatl whistles (7). The X vartables
were then strtified and the date analyzed
in three parts:

L time factors (X, and Xz) using the

¥
cquation Y = a + ¥ Xy,
st

8, meteorological factors (Xa through X;)

using the equation Y = a 4- :\_, Xy,
izw

3. all variables using the equation )’ =

t
a + ¥ bX). In severnl instances, # quad-

rd

ratic component of Xy and Xy was included
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bt dedeted for reasons of hrevity and itle
improvement in prediction,

RESULTS

In 18563, whistling activity peaked on 17,
19, uned 28 Juneey in 1964 o0 20, 24 fune, and
17 Julys in 1903 on 13, 17, aned 19 June for
roule 1 oamd 2 and the permanent station,
respectively (i 1) In most eases, after
these peaks, o gradual leveling of f was wit-
nessed, (A soadl secondary peuk was e
vorded durivg late July amd carly August
in hotls 1963 wl 1961,)

Variation in Number of Calls per Listening
Period Attributable 1o Veriobles Tosted

To aeconnt for the effect of the ealling
peak on lincar regression analyses by day
ol year, pooled ronte and permanent stutfon
vall and meteorological ditn were separated
inter bwo parts: (1) pre-peak perdad and (2}
post-peak perfod, Al 1% values for pres
peak analyses proved o be signifieant (P
<< 0.01) for all treatments of data, that s,
time, meteorological, und total Toctars. For
post-peak alyses, all B values were sig-
uificant (P < 0.01) except for time Faclors
of 1963 route dutu,

Using time factors alone (X and Xa),
the It* vadues or fraction of variance of quail
whistles () attributable to the time factors
were signilicant (P < 0.05) for 93 and for
GG (' < 0.01) of 120 sepaate station analy-
ses. Using metvoralogical fuctors alone (X
thrangl X;7), the i* values were significant
(P <0,05) for 81 and for 38 (I’ < 0,01) of
120 separate siation analyses, Using lotal
varfables analyzed (X throngh X3), the it
valties were significant (P < 0.03) for 112
ant for 76 (P < 0.01) of 120 separate stu-
tion analyses. ‘The highest and lowest 1
values were 087 and 0.03, 000 and 0.10,
0.99 and 0.24 for time, meteorological, and
tolal factors, respectively.

G435

Variables that Affect Calling

The results indicated day of year, time

of day, wind velocity, temperitare, and

relative: humidity as the most impartit
fictors evitheated as a prediction gronp nf-
feeting Wi tanmber of quail whisthos heard
during the conrse of this 3-vear study. Light -
futensity anad Darometrie pressisre had litte
influeaee on the namber of quoit whistles
hienrd,

Begular whistling by hobwhites hesmns i

varly April and reached o peak in mibd-June

to anick)nly, Bennitt (1951:13), Kalut and
Thompson (1963 115), sud Havtowics (1961
1-2) also reported peaks of whislling ue-
tivity from wibd-June o mid-July, Bemnitt
(1931) noted o coutinaance of quail whis.
thes at the level of the peak after the peak
was reached, However, data of Kabut and
Thompson (1903:111) and that collected
during this study showed n definite decrease
of whistling activity following the peak
whistling period,

According to Speake aud Haugen {1980:
1), bobwhite quait whistling activity flue.
tuntes with nesting activity and sharp de-
clines in calling follow peaks of hatching,
tHartowicz (1964:1-2) reported the state.
witle peak of quall hatching in Kunsas ns
mid- and Iate-June of 1963 and 1961, re-
spectively,  Those hatching peaks corres
spoud favorably with peaks of eafling ro-
cordwd for our roules during 1583 and 1961,
The penmanent station Jata for 1963 and
1861 do not correspond to those hatching
peaks, but the peak in 1964 was about 2
weeks later than that of 1983 as was the
peak of hatching, The welatively small arca
sutupled by the permanent station may par-
tially explain the difference tn peaks of
liatehing and ealling,

The whistling peak In 1983 wax shart and
sharply defined, while fa 1901, the peak
was longer and less distinet. The hatching



Crise (Fige 2), Hennite (1951:15) and Blder

{ 1936:643) reported no substantisl decrease
in calling activity in the hour following sun-
rise,

Eacept durdng heavy i when guall

ceewsed whistling entirely, wind was the

the nust important meteorologieal Tactor
influencing the number of whistles heard.
As wind veloeity inereased, namber of calls
heard decreased, Twao factors, fower whis-
tles amd recueed andibtlity sadius, could be
viuses, Probably @ combination of the two
accounted for hieaving fewer whistles,
Route datu generally showed poor cor-
relutions: between wited vidocity and quail
whistles eacept for stations esposed to the, |
wind, Wind measurenmients lken at stations
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Fige 2. Time citabytion of 4126, 2,226, ard 2,840 quoil
whitley tacorded duting 1763, 1744, asd 1945, respactively,
Lot for ke three years were peoted to plat the maan,

curve aeported by Hartowlez (1981:1-2)
for BEEY in Kansas was likewise sharpoer and
more distinet than the 1981 hatching curve,
Theretore, o sharp peak in whistling activity
may lenote a sharp hatehing peak amd viee
versi,

Average daily whistling activity inereased
from hefore sunrise to a peak about 20 min
alter sunrise and then declined. In 1963,
twice as muny calls wete heard at sunrise
us 1 hour alter sunrise (Fig. 2). In 1981,
a 23 pereent deeline in calling activity was
noted between sunelse and 1 honr after. In
19635 calling activity from sunrise to 1 hour
after didd not deerease substantinlly prob-
ably  because of cloudier and  windier
weather enconntered during the 1985 study
period, Taber (1249:171) noted pheasant
crow counts hefore sunrise could be com-
pared with counts teken after sunrise only on
cloudy, windy days, The average octivity
of calling for the 3 years declined 50 per-
cent between sunrise and 1 hour after sun-

sheltered by vewetation and  topagraphy
were nol representative of aetual wind ve-
tocities ol the general area, The pesanent
station was exposed o the wind, Represen.
tative velocity measurenents there closely
cortelated with naber of calls heard,

Euch mile/hour increase in wind veloeity
wlfeeted whistling more after the seasonal
peak- of whistling than before. - Bemitl
(1951:19) reported no correlation belween
quail calls and wind velovity, Elder {1936:
6iD) Tound no correlation belween quail
whistles ad wind veloelty Lt noted that
u correlation vay have been foud had
wind velocities been higher,  (Elder re-
corded wind velocities greater than § mph
only 2 of 53 momings.)

After the seasonal swhistling peak, a nega-
tive correlation between calls -heard and
temperature was noted,  Belore the peak
was reached, however, temperature correla-
tons were sporidie, Teing both positive and
negative, The route dala usnally showed
negative correlations and the permuanent
station positive.  Generally, positive corre-
litions were associated with pre-peak eall
data while aiegative correlitions appearcd
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i post-peak anndyses. Benmitt (1931:21)
al Elder (1936:615-619) reported caves
lations hetween temperature atl tota! calis
heard, Their stadien were conduceted due-
ing the post-peak perfod el theie correla
tious wete negutive,

A negative correlation of calls with rela.
tive hmddery was noted both hefore aned
alter the seasoual whistling peak, Betnitt
(1950:21) and Elder (1936:644) reported
no relationship between relative humidivy
and calling, activity,

Both tempertore and relative Tmidity
caused w clumge in whistles emitted it not
in the audibility  radius,  Attesaation of
soumt ot the tempetatures sed telutive hae
micities esperienced during this study was
wat great cnough o be detected nor to
cause wny appreciable change in the radins
of aodibility of quadf whistles  (Itwduiek
15730, Beranek 14960: 191 ),

After the seasona] whistling peak, o nega-
tive correlation of whistles with harometric
pressure wis deteeted, The correlation was
considered spurions and - tentatively  at-
triated to topography, During o single
mmrning when baromelrie pressime was
stalibe, e whistles were tallicd at higher
clevations than low elevations due to o
larger audibility radivs rom the higher sta-
tisns and o furger number of birds i the
uptand  pastures, Pertnanent station and
separate station anadvses, where aldtitude
was comtant, showed litthe correlation be-
tween calls and barometrie pressuns,

Of the Tuctors tested, Hght intensity was
least correlated with quail whistles, Light
imtensity ranged widely, from less than 0.1
footeandle o 5000 fouteandles during a
single moming.  Lighl measures may ave
Lieen misteading since gquail could Be whis-
ting in the open when light smvasarciments
were being made in the shade and viee
yers.

i

Application '

A refinement o call fndices Tor quail
vould he achivved by adjusting ronte counts
for varfubles found in s study 1o affect
slling behavior,

At example of such an adjustment might
be to seleet at tandon a fese permanent sta-
Hony in he atea 1o be sampls] ustig routes,
At cach station duta conld he collected to
ostimate an mbjustoient equation of the
form ¥ (counts per Bstenimg perjod) =

[
@ X DXy where e I are pactiad regres-

[ 3}
ston cocfficients and the X; are affecting
arfubles. Then cach abservation taken at
random sites on the tontes would fnelude
not only nwaber of calls per period bt
meastrements on the X as welle Then the
adjustud vumber of calls could be calen-
lttend;

).m!j = rrl';l - 5.: hl (xubl. - le,)

1.

fiere the subseript obs. identifies un ol
served munber aind sted identifies the value
at which that vuriable is to he standardized.
The Iy are those estimated from the per-
manent staticy anplyss which would Le
free of the effects of X variables and reflect
popualation sze with less variation,

It s shown that for the study area dis-
cussed earlive Ty this paper, the reduction
in variation, over and above that due to
population stee, achieved by accounting for
differenees in coviconmental and tine vari-
ables is important, The amount of the re-
dutetion will he R times the varianee among
raw call counts. In areas where /2 for the
adjustinent equation is Jarge i appreciable
refinement will be realized, Such a refine-
ment, incorporated with u good sampling
plan indicated that gquail eall sudices should
be reconsidered as a managenent add, os-
pueially as an indes to spring breeding pop-
ulations and possibly hatching peaks,
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